The aim of the present controlled clinical study was to compare the clinical response of grafting superporous hydroxyapatite (HAp) granules to superporous HAp blocks in the treatment of human intrabony periodontal defects. Twenty interproximal intrabony osseous defects in 20 healthy, non-smoking subjects diagnosed with chronic periodontitis were included in this study. These twenty subjects were randomly assigned to either the HAp granule or the HAp block groups. Clinical and radiographic measurements were determined at baseline, 3, 6, 9 and 12-month postsurgical evaluation time periods. When compared to baseline, the 12-month results indicated both treatment procedures resulted in statistically significant favorable changes in probing depth (mean value: 3.5 mm versus 3.5 mm), clinical attachment level gain (3.2 mm versus 2.3 mm) and radiographic infrabony defect depth decrease (2.9 mm versus 2.5 mm) for HAp granule and HAp block grafting respectively. At 3-and 6-months, the granule group, when compared to the block group, exhibited a statistically significantly more favorable clinical response in clinical attachment level (4.1 mm versus 5.9 mm, p < 0.05 at 3-months; 4.3 mm versus 6.5 mm, p < 0.01 at 6-months). The present study demonstrated that both grafting of superporous HAp granules and grafting of HAp blocks were similarly successful in the treatment of human intrabony periodontal defects.
INTRODUCTION
To regenerate periodontal osseous defects caused by chronic periodontitis is a very important outcome of periodontal therapy. A variety of graft materials have been widely embraced for being used in periodontal regenerative therapy. Autogenous bone, allogeneic bone, and artificial bone have been used to reconstruct lost periodontal defects; however, the use of autogenous bone involves high surgical invasiveness because of the need to often harvest the bone from a separate surgical site. The use of allogeneic bone is sometimes perceived in being associated with infections, raises ethical concerns, and for these reasons may not always be widely used, such as in Japan. Artificial bone has several advantages, including no need for bone harvesting from a separate surgical site or cadaver, excellent biocompatibility, and a relatively user friendly surgical procedure. Design requirements for artificial bone include surgical manipulability, structural compatibility with the area exhibiting the osseous defect, support properties of the graft material, and the ability to induce bone regeneration. However, no artificial bone meeting all these clinical/structural requirements has yet been developed. Artificial bone is used in many patients in our clinic, and we have been active in developing the next generation of artificial bone with more favorable clinical properties.
Hydroxyapatite (HAp) has high biocompatibility and good bioaffinity, stimulates osteoconduction, and is slowly replaced by the host bone after implantation [1] [2] [3] [4] [5] [6] [7] [8] . Since early in the 1980s, blocks and granules of porous HAp have been widely used as a bone substitute in the fields of orthopedic, craniofacial, and periodontal surgical therapy. However, in order to establish an ideal bone substitute to induce new bone, it is necessary that it has a structure with the ability of osteogenic cells being able to easily penetrate deeply into the HAp osseous grafting materials. Recently, superporous HAp has been developed, which has a high level of porosity of 85% and a more ideal interconnection among the macropores within it (APACERAM-AX ® , HOYA Co., Tokyo, Japan). Several in vitro studies [9] [10] [11] [12] reported that osteogenic cell penetration could be significantly improved. Therefore, it is expected this kind of superporous HAp would serve as a more optimally functional scaffold for preparation of tissue-engineered bone and contribute to a greater quality of bone repair/regeneration.
When superporous HAp is applied clinically, it is important to know which type of HAp osseous graft material, granules or blocks, is more suitable as the best treatment for achieving the most favorable clinical results. Granules are easy to place into periodontal intrabony defects, however, the HAp granules may have a tendency to migrate from the defect until at least the initial stages of wound healing have been completed. On the other hand, HAp osseous blocks may be difficult to adapt to the morphology of the defect, although osseous HAp blocks are usually easily maintained in the involved site during the healing process.
Therefore, the aim of this randomized controlled clinical study was to compare the clinical efficacy of grafting with superporous HAp granules or HAp blocks in the treatment of human intrabony periodontal defects.
MATERIALS AND METHODS

Study Populations
Twenty patients (18 females and 2 males, mean age 61.1 ± 6.2 years) with moderate to advanced chronic periodontitis, who were scheduled to receive periodontal therapy at Shirai Dental Clinic, were recruited between September 2008 and November 2011 for this comparative controlled clinical study. Twenty patients who met the inclusion criteria for entry into the surgical phase of this study were divided into one of the two study groups, the granule or block study groups, taking into consideration the patient's age, the number of osseous walls and the specific teeth needing treatment.
Prior to initiating this study, the patients were informed of the purpose and design of this clinical trial and were required to sign an informed consent. The format of the study was reviewed and approved by the The criteria for inclusion of patients and periodontal sites in this study were individuals who 1) were nonsmoking, free of systemic complications and had no history of allergies; 2) did not use antibiotics over the previous 6 months prior to treatment; 3) had no treatment for periodontitis during the previous 2 years; 4) had one infrabony defect with a probing depth (PD) ≥4 mm, clinical attachment level (CAL) ≥4 mm, an osseous defect depth estimated to be ≥3 mm when measured radiographically and 5) had at least 2 mm of keratinized gingiva on the facial aspect of the selected tooth.
Presurgical Therapy
Prior to the surgical procedures, initial periodontal therapy consisted of stringent plaque control repeated until patients achieved a Modified O'Leary plaque score [13] of ≤10%, full-mouth scaling and root planing under local anesthesia and occlusal adjustment if trauma from occlusion was present. After completion of the initial therapy, a reevaluation periodontal examination was performed 3 months later to determine patient response to the therapy and to confirm the need for periodontal surgery. Patients who met all criteria for entry into the surgical phase of the study were then divided into two groups, the granule or block study groups considering patients age, number of osseous walls, and treated teeth.
Clinical Parameters
A clinical examination was performed by a single examiner (author YS) at baseline and at 3, 6, 9 and 12 months after the surgical procedure. Patient oral hygiene status was evaluated by the plaque index (PI) [14] , as an expression of the level of an individual's supragingival plaque accumulation. Gingival inflammation was assessed by the gingival index (GI) [15] and bleeding on probing (BOP) was recorded as absent (0) or present (1) . In addition, the following clinical parameters were evaluated to assess the healing results in the two study groups. Probing depth (PD) was measured from the gingival margin to the base of the pocket and clinical attachment level (CAL) was measured from the cementalenamel junction to the base of the pocket. All clinical measurements (PD, CAL) were made using a calibrated color-coded periodontal probe (PCPUNC15, Hu-Friedy Mfg. Co., Inc., Chicago, IL) to the nearest mm and customized acrylic stents with a guiding groove. The calibration was performed just prior to the start of the study with 5 volunteer subjects at Niigata University Faculty of Dentistry. The reproducibility of the clinical measurements was calculated, and an agreement or reproducibility value of 0.857 was obtained for CAL with a difference of ±1 mm. This provided well-defined and highly reproducible clinical measurements at each granule-and block-treated site and for each examination time point, baseline and 3, 6, 9 and 12 months. The 12-month clinical results at each treated intrabony osseous defect site were assessed and the difference between baseline and 12 months for the clinical values (PD, CAL) was determined.
Radiographic Examination
A commercially available film holder device (CID-2, Hanshin Technical Laboratory, Ltd., Hyogo, Japan) was modified by placing registration material (UNIFAST II ® , GC Co., Tokyo, Japan) on the bite blocks to index the dentition. Standardized reproducible radiographs using a paralleling cone technique with positioning aids were taken at each treated granule and block site at baseline and 3, 6, 9 and 12 months after surgery. All radiographs were evaluated by a single examiner (author KO) who was masked to the treatment group for which a patient was assigned. Radiographic infrabony defect depth (IBD) was assessed using the method described by Cardaropoli and Leonhardt [16] . Briefly, the IBD was measured as the radiographic difference in vertical dimension between the projection of the osseous crest adjacent to the root surface (BCP) and the most coronal osseous level adjacent to the root surface where the periodontal ligament space was considered to have a normal width (BoBD) or IBD = BCP-BoBD.
Treatment Procedures
Periodontal surgical procedures were performed on an outpatient basis under aseptic conditions by one trained periodontal clinician (author YS). After providing local anesthesia to patients, crevicular incisions were made and full-thickness mucoperiosteal flaps were elevated. Vertical releasing incisions were performed only if necessary for better access or to achieve more favorable closure of the surgical site. The surgical procedure fully exposed the intrabony defects and preserved the marginal gingiva and interdental tissue. Meticulous defect debridement and root planing were carried out to remove visible subgingival plaque, calculus, inflammatory granulation tissue and pocket epithelium. The surgical sites were thoroughly rinsed with sterile saline and care was taken to keep the area free of saliva and blood.
In the granule-treated sites, the HAp granules were then placed using amalgam condensers into the defects to the vertical height of the corresponding adjacent bone level of the intrabony defect. In the block-treated sites, the HAp block was trimmed to meet the morphological size of the osseous defect site as precisely as possible, and then the block graft was inserted into the osseous defect to the vertical height of the corresponding adjacent bone level of the intrabony defect. The surgical flaps were repositioned to their presurgical levels and sutured in the majority of the cases with the 5-0 nylon suture (Softretch ® , GC Co., Tokyo, Japan) and the remainder were sutured with 4-0 silk suture (NESCO SUTURE ® , AZWELL Inc., Osaka, Japan) utilizing an interrupted, vertical mattress technique. Representative clinical cases of grafting with HAp granules or HAp blocks surgically treated sites are presented in Figures 1 and 2 . Postoperative care included systemic administration of cefaclor at 750 mg per day for five days and 0.12% fradiomycin sulfate rinses (DENTARGLE ® gargle, SHOWA YAKU-HIN KAKO Co., Ltd., Tokyo, Japan) three times daily for six weeks. Sutures were removed at 10 days postsurgery. After suture removal, patient plaque control using the roll tooth brushing technique with an ultra soft toothbrush (Butler gum ® classic 333 ultra-soft 3-row, John. O. Butler, Co., Chicago, IL) was resumed at the surgically treated sites. Supragingival professional tooth cleaning was also performed weekly for the first six weeks postsurgery and thereafter the patients were recalled once a month for up to 12 months post-surgery for oral hygiene reinforcement and prophylaxis.
Statistical Analysis
Results were averaged (mean ± standard deviation) for the clinical and radiographic parameters. These data were statistically evaluated by a non-parametric test using a commercially available software program (Stat-view ® version J-5.0, SAS Institute Inc., Cary, NC). Taking into account the paired nature of the changes from baseline to 12 months in each group, the Wilcoxon signed-rank matched pair test was performed for the pairwise statistical analysis of these data. The Mann-Whitney U-test was applied to compare clinical and radiographic outcomes between the granule and the block groups at baseline and 3, 6, 9 and 12 months. The null hypothesis was rejected when the risk percentage was below 5% (p < 0.05).
RESULTS
The 20 patients (2 males/18 females) enrolled in this clinical trial returned for all scheduled maintenance visits. Throughout the study period, there were no infectious episodes and no other adverse complications in either the granule or block treated sites. The soft tissue healing response at all treated sites was excellent and patients were very comfortable during and following treatment.
Study Population and Defect Characteristics
The distribution of all patients with respect to age and gender, number of osseous walls in the treated defects, and number of treated teeth are shown in Tables 1 and 2. 
Oral Hygiene Level and Infection Control
At baseline and at 12 months, the mean PI, GI and BOP demonstrated no statistically significant differences between the granule and block groups (p > 0.05). At 12 months following therapy, in the granule and the block study groups, the mean PI and GI were zero for both study groups, whereas the BOP was 0.3 ± 0.5 in the block group. These values were not statistically significantly different when compared to baseline (p > 0.05).
Clinical and Radiographic Changes at 12 Months
Cross-Sectional Comparisons between Study Groups
The mean clinical and radiographical changes at baseline and 3, 6, 9 and 12 months for the granule and the block study groups are shown in Table 3 . Between group comparisons at baseline for the PD, CAL, and IBD demonstrated no statistically significant differences (p > 0.05) between the granule and the block study groups. At 3 and 6 months, only the CAL in the granule study group exhibited statistical significance when compared to the block study group (3 months: 4.1 ± 1.4 vs 5.9 ± 1.7, p < Table 3 . Mean (±sd) clinical and radiographic measurements at baseline, 3 months, 6 months, 9 months and 12 months for the granule and block study groups (n = 10 subjects in each treatment group). 0.05; 6 months: 4.3 ± 0.8 vs 6.5 ± 1.7, p < 0.01). At 12 months, the mean PD, CAL and IBD parameters demonstrated no statistically significant differences (p > 0.05) between the granule and the block study groups (PD: 3.9 ± 1.0 vs 4.0 ± 0.9; CAL: 4.9 ± 1.1 vs 5.8 ± 1.9; IBD: 2.0 ± 1.3 vs 2.5 ± 1.3).
Longitudinal Comparisons of Each Study
Group When baseline was compared to 12 months, the PD decreased significantly in each study group (p < 0.01). At 12 months, when compared to baseline, the CAL in the granule and block study groups decreased from 8.1 ± 3.1 mm to 4.9 ± 1.1 mm and 8.4 ± 2.3 mm to 5.8 ± 1.9 mm, respectively. There was a significant gain (p < 0.05) in CAL at 12 months when compared to baseline in both study groups. The radiographic IBD was significantly decreased at 12 months when compared to baseline, from 4.9 ± 1.7 mm to 2.0 ± 1.3 mm (p < 0.01) in the granule study group and from 5.0 ± 1.4 mm to 2.5 ± 1.3 mm (p < 0.01) in the block study group.
Comparison between the granule and the block study groups for change in mean clinical and radiographic measurements from baseline to 12 months is also shown in Table 3 . The change between study groups from baseline to 12 months in PD, CAL and IBD of the granule and block study groups were not statistically significantly different (p > 0.05).
DISCUSSION
Patient age and teeth with osseous defects treated in both study groups were similar at baseline. Each subject participating in the clinical investigation demonstrated excellent oral hygiene throughout the entire study. Results from this investigation showed that both regenerative procedures, the grafting of superporous HAp granules or blocks, resulted in significant clinical improvement in the treatment of intrabony periodontal defects in terms of PD reduction, CAL gain, and radiographic bone fill between baseline and 12 months.
We have previously reported the clinical effectiveness of HAp granules without interconnections and exhibiting a porosity of 15% on periodontal tissue regeneration [17] . This bone grafting material was a former type of superporous HAp granules, and manufactured by the same company which developed superporous hudroxyapatite. Regarding granule type, we compared the clinical results of our present investigation to our previous results.
There was no significant difference of PD reduction between superporous type and porous type of the HAp bone grafting material during one year after treatment (superporous type: 3.5 ± 2.4 mm versus porous type: 3.7 ± 2.0 mm). However, in regards to clinical attachment gain and radiographic osseous defect fill, the superporous HAp bone graft gave clinically superior results (CAL: 3.2 ± 1.2 mm, IBD: 2.9 ± 0.9 mm) when compared to the porous HAp bone graft results (CAL: 2.0 ± 2.4 mm, IBD: 2.7 ± 1.6 mm).
These findings may be explained by the fact that newly developed superporous HAp has 85% porosity and interconnected pores on the inside and this bone structure will allow significant penetration of the osteoblasts into the bone graft material. It is noteworthy the osteoblasts penetrating into the porous bone maintains high alkaline phosphatase activity during the culture period [9] . In our previous study, the cell-superporous HAp complex using periosteal cells, when compared to the cell-free superporous HAp, formed osteoid in pore regions of the superporous HAp [18] . These in vitro experimental results could explain one of the likely reasons the superporous HAp favors the clinical results we see in the treatment of periodontal osseous defects with both the granule and block superporous HAp bone grafting material.
The granule treatment group, when compared to the block study group, provided a statistically significantly more favorable clinical response in terms of CAL value (p < 0.05) at 3 and 6 months post-surgery. The benefit of clinically using HAp granules, when compared to block HAp bone, is that the granule will easily fill and adapt to a complex periodontal osseous defect. Therefore, at 3 and 6 months in the early healing periods after surgery, osteoconductivity is induced and may lead to earlier clinical attachment gain, when compared to the HAp blocks. On the other hand, it is necessary to trim the block graft and it is more difficult to adapt the HAp block graft to the morphology of the osseous defect, however, it is easy to keep the HAp block graft material in the osseous defect until tissue healing has occurred. To gain structural compatibility with the osseous defect, it can be expected computer-aided design (CAD) and computer aided manufacture (CAM) technology be introduced in this field. Recently, in the field of the restorative dentistry, Ender and Mörmann et al. succeeded in automatically reproducing a morphology matching the natural surface left after preparation by milling and grinding a ceramic block based on digital three-dimensional (3D)-data [19] . This novel method would have promise in meeting the requirements to precisely shape an osseous block graft in being prepared for a specific morphology of a complex osseous defect.
The ideal graft material such as tissue-engineered bone would be expected to have a clinical property which would permit the penetration of osteogenic cells into pore regions of block bone grafts. In oral regions, periosteal cells are candidates for osteogenic cells sources. Yamamiya and Okuda et al. established the methodology of autologous implantation of cultured periosteal sheets, in combination with HAp granules and platelet-rich plasma for periodontal regenerative therapy. The effectiveness and safety of this therapeutic methodology were demonstrated in clinical studies [20, 21] .
Our research group has already succeeded in developing a methodology to maintain periosteal cells by a 3D high-density culture system using acid-treated superporous HAp blocks, in vitro. The use of human periosteum-derived cells combined with superporous HAp blocks has significant potential as an osteogenic bone substitute for periodontal regenerative therapy in humans. In the future, the osteogenic bone substitute described above could be milled and ground to a specific size and shape so that it precisely adapts to a specific osseous defect morphology using CAD/CAM technology. This in turn has the potential to lead to improved and more superior clinical results in the treatment of our patients.
CONCLUSION
Within the limits of the current study, it can be con-cluded that grafting using both superporous HAp granules and HAP blocks were similarly successful in the treatment of human intrabony defects.
